INTRODUCTION
Oxygen bleaching agents, such as sodium percarbonate, are blended in several detergents; however, under optimal conditions, issues such as fiber embrittlement can occur. Moreover, as most liquid detergents which have been widely used in recent years are formulated to a neutral pH, bleaching agents that are effective under mild conditions must be used.
Thus far, we have studied dye decomposition by horseradish peroxidase HRP and reported that HRP decomposes Orange II under mild conditions of ambient temperature and weak alkalinity. In addition, we have clarified the reaction mechanism, examined the influence of the detergents and activators, and expanded the possibility of practical applications of the reaction 1 5 .
In recent years, enzymes have been added to many laundry detergents 6 9 to reduce the impact on the environment. The influence of enzymes, such as protease, lipase, amylase, and cellulase, used to decompose various daily staining components, on HRP is still unknown. Lipase is activated by Ca 2 and Mg 2 10, 11 . In the presence of these enzymes, the influence of the hardness components in tap water on the decoloration reaction by HRP is also unknown.
In this paper, we examined the influence of various enzymes used in detergents on the decoloration reaction of Orange II by HRP. Furthermore, we examined the influence of the concentration of Ca 2 and Mg 2 on the HRP -Orange II decoloration reaction in the presence of detergent enzymes. 
EXPERIMENTAL PROCEDURES

Apparatus
For the measurement of absorption, a Hitachi U-2910 ultraviolet-visible spectrophotometer, a constant-temperature cell holder with a Hitachi 131-0040 temperature indicator, and quartz cells with an optical path length of 10 mm were used.
Measurements
In a cell containing 0. where Abs 0 is the absorbance before the reaction and Abs t is the absorbance at the reaction time t.
RESULTS and DISCUSSION
3.1 The effect of enzyme presence on the Orange II decoloration reaction Figure 1 shows the influence of the detergent enzyme concentration on the rate constant of the Orange II decoloration reaction. The decoloration rate constant for the reaction with only HRP was set to 1 and expressed as a relative value relative decoloration rate constant . In the presence of the enzymes in the concentration range of 0.001 -0.1 , the decoloration reaction of Orange II by HRP was not affected at all. The Orange II decoloration reaction was not affected by Stainzyme, Lipex, and Celluclean below concentrations of 0.1 , and the Orange II decoloration reaction was slightly affected at enzyme concentration of 1 . However, when 1 Savinase was present, the decoloration rate constant decreased by approximately 50 . It is believed that the inhibition of the decomposition reaction of Orange II is due to the damage done to the HRP structure by Savinase, which is a proteolytic enzyme.
The POD reaction proceeds as follows.
AH where the value inside the parenthesis represents the oxidation number of iron porphyrin of POD. The first substrate is H 2 O 2 , and AH is the second substrate. As the first substrate of HRP is H 2 O 2 , the HRP reaction proceeds when H 2 O 2 is added. However, the undiluted enzyme solutions had high viscosities, therefore the viscosity of the reaction solution at 1 enzyme content became high. Time was taken to make the reaction solutions homogeneous after injecting hydrogen peroxide, which may have affected the beginning of the reaction. We therefore think that this may be the reason behind the little influence of the Stainzyme, Lipex and Celluclean at 1 concentrations on the decoloration reaction . Figure 2 shows the decoloration curves of Orange II by HRP in the presence of Lipex and Savinase. The curves in the presence of Stainzyme and Celluclean are similar to that in the presence of Lipex. The decoloration curves of Lipex and Savinase below 0.1 concentration almost overlapped. However, in the case of 1 Lipex, though the initial decrease in the rate of reaction was a little faster than the other concentrations, the remaining rate reaction time; 150s was a little high. This means that HRP may have been inactivated completely by the high concentration of the coexisting enzyme. To confirm this, the reaction time was extended and a second quantity of Orange II was added at 300s after the beginning of the reaction. It was found that by the time the second amount of added Orange II began to decrease, HRP in the reaction solution was not completely inactivated. On the other hand, the decreasing speed of the remaining rate of reaction in the presence of 
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1 Savinase was slower than with the other coexisting concentrations, as in shown in Fig. 1 . The effect of the simultaneous presence of four enzymes on the Orange II decoloration reaction was examined. When present at the same concentration in the range of 0.001-0.1 , no influence was observed in the decoloration reaction. Conversely, in the case of their simultaneous presence at 1 concentration, the relative rate constant value decreased to approximately 40 . This can be explained by the same arguments as for four individual enzymes at high concentrations.
According to these results, it was found that Stainzyme, Lipex, Celluclean, and Savinase did not affect the Orange II decoloration reaction by HRP at concentrations of up to 0.1 , irrespective of whether they were present alone or simultaneously. On the contrary, at 1 concentration, Savinase induced damages to HRP and inhibited the decomposition reaction of Orange II. However, this scenario is not considered to have a substantial influence on the practical application of HRP because cases where detergents have enzyme concentrations as high as 1 are rare. Figure 3 shows the effect of pH on the Orange II decoloration reaction in the simultaneous presence of four enzymes at a concentration of 0.1 . The bar graph shows the relative value left ordinate of the decoloration rate constant in the presence of four enzymes against the decoloration rate constant of Orange II by HRP alone. The broken line shows the decoloration rate constant of Orange II in the case of HRP alone and the solid line shows the rate constant in the presence of four enzymes on the right axis.
Effect of pH on Orange II decoloration reaction in the simultaneous presence of four enzymes
The decoloration rate constant was high at pH 9 or above in both, the absence and presence of the four enzymes, whereas at pH 8, it showed a low value of approximately 0.5 min 1 irrespective of the presence or absence of enzymes. At pH 6 and 7, the rate was approximately 0.1 min 1 in the absence of the enzymes, whereas it was approximately 0.4 min 1 in their presence. The relative value at the time of coexistence was 1 at pH 8 or higher while the relative value was approximately 3.5 at pH 7 and approximately 4 at pH 6. From these results, it became clear that the presence of four enzymes did not affect the Orange II decoloration reaction by HRP under weakly alkaline to alkaline conditions, but promotes the HRP reaction under neutral to acidic conditions. The effect of each enzyme in the range of pH 6 to 8 is shown in Fig. 4 . Under neutral to acidic condition pH 6 and 7 , it was found that the adding of 0.1 Lipex had a positive effect on the rate constant of HRP. on the Orange II decoloration reaction when four enzymes were simultaneously present was studied.
In the absence of four enzymes, the remaining rate sharply increased at 50 s after the reaction was started, owing to the addition of 500 ppm of Ca We need to consider this mechanism in the future. at concentrations of 500 ppm did not affect the decoloration reaction of Orange II. When Mg 2 is present, it is considered that there is no effect on the Orange II decoloration reaction within the examined range.
CONCLUSION
Stainzyme, Lipex, Celluclean, and Savinase did not affect the decoloration reaction of Orange II by HRP up to a concentration level of 0.1 , and affected it slightly at 1 . The presence of 1 Savinase damaged HRP and inhibited the decoloration reaction of Orange II. Nevertheless, it is considered that in practice, there is no relevant influence on the detergent.
The presence of four enzymes under weak alkaline to alkaline conditions did not affect the decoloration reaction of Orange II by HRP. Under neutral to acidic conditions, the reaction rate of HRP slowed down; however, it became evident that the presence of Lipex promotes the decoloration reaction.
In the presence of four enzymes, it was found that Ca 2 and Mg 2 at concentrations of 500 ppm did not affect the decoloration reaction of Orange II. Accordingly, it was found that when four enzymes coexist with HRP, it can still be used as a bleaching agent for a wide range of pH . 
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